Background: The primary objective of this systematic review was to identify the characteristics of physicians who prescribe opioids to adults with chronic pain. This review was limited to studies examining fully-trained physicians, as relevant characteristics of resident physicians and non-physician clinicians may differ. Methods: A comprehensive search of databases from January 1, 1980 to December 5, 2017 was conducted. Eligible study designs included (1) randomized trials; (2) nonrandomized prospective and retrospective studies; and (3) cross-sectional observational studies. The risk of bias in the included studies was assessed using an adapted version of the NewcastleOttawa Scale for cross-sectional studies. A total of 2508 records were screened and 22 studies met inclusion criteria. The majority of studies were cross-sectional (n=20) and the total number of participants was 8433. Results: The risk of bias was high overall. The majority of physicians were confident managing and prescribing opioids for chronic pain but had high levels of dissatisfaction. Physicians reported high awareness of the potential for opioid misuse and were concerned about inadequate prior training in pain management. The majority of physicians were less likely to prescribe for patients with a history of substance abuse and reported major concerns about regulatory scrutiny. Conclusion: This systematic review provides the foundation for the development of prospective studies aimed at further elucidating the constellation of mechanisms that influence physicians who manage pain and prescribe opioids.
Introduction
Nonmedical use of prescription opioids remains a public health crisis. 1 Despite recent reductions in opioid prescribing, the quantity of prescribed opioids remains substantially elevated compared to the quantities prescribed prior the year 2000. 2, 3 The decline in opioid prescribing has been accompanied by a sharp rise in overdose deaths attributed to illicitly manufactured fentanyl while overdose deaths attributed to heroin have plateaued. 4 As national prescribing guidelines 5 and public health campaigns 6 heighten awareness of the risks associated with long-term opioid therapy initiated for chronic pain, it is apparent that some opioid prescriptions originally intended for shortterm use lead to unintended prolonged opioid use (UPOU). [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Our group has recently published a conceptual framework for understanding UPOU. 17 The overall goal of a conceptual framework is to provide a working schema to drive future hypothesis generation. In the absence of standardized methods for developing a conceptual framework, the process involves identifying corroborative evidence and coalescing expert opinion during the adjudication of factors intended for framework inclusion. The UPOU framework is comprised of 3 domains, including patient characteristics, practice environment characteristics, and opioid prescriber characteristics. The framework posited that characteristics of physicians that could influence prescribing behaviors include (1) training in pain management and opioid use; (2) personal attitudes and beliefs about opioids; and (3) perceived professional obligation to treat patients with chronic pain. As prescribers serve as the gatekeepers to prescription opioid access, the focal point of the framework is the opioid prescriber domain; the effects of the other two domains are ultimately mediated by individual prescribing behavior. The primary objective of this systematic review was to identify the characteristics of physicians who prescribe opioids to adults with chronic pain. Secondary objectives included describing patient and practice environment factors that affect physicians who manage and prescribe opioids for chronic pain. This review was limited to studies examining fully-trained physicians, as relevant characteristics of resident physicians and non-physician clinicians may differ.
Methods
This systematic review was reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. 18 An a priori protocol was followed.
Search strategy
A comprehensive search of databases from January 1, 1980 to December 5, 2017 was conducted. The databases included MEDLINE Epub Ahead of Print, Medline InProcess and Other Non-Indexed Citations, MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, and Scopus. The search strategy was designed and conducted by a medical reference librarian with input from the principal investigator. No language restrictions were applied. Controlled vocabulary supplemented with keywords was used to search for studies on practitioner characteristics influencing opioid prescribing practices. The actual search strategy is provided in Supplementary materials.
Study selection process
Eligible study designs included (1) randomized-, crossover-, and parallel-designed clinical trials; (2) nonrandomized prospective and retrospective longitudinal studies; and (3) cross-sectional observational studies. Based on our conceptual framework, inclusion criteria included all studies that reported information about (1) physician attitudes and beliefs about opioid use; (2) previous training in pain and opioid management; (3) professionalism; or (4) physician demographics. Exclusion criteria included (1) studies that mixed physician and non-physician data; (2) studies that reported data derived from physician responses to clinical vignettes; (3) data from medical students and residents-in-training; (4) studies of nonphysicians and non-US physicians; and (5) qualitative studies that reported data from individual physician interviews.
The studies identified by the search strategy were screened in two phases. First, two independent pairs of reviewers screened all titles and abstracts. Second, the full text of all studies identified in the first phase were screened by two independent pairs of reviewers.
Data extraction
Data were extracted by four independent reviewers using a templated electronic database. Based on the study inclusion criteria and conceptual framework, abstracted data were initially organized into four main categories (attitudes and beliefs; previous training in pain management; professionalism; physician demographics). Following abstraction, data were reorganized into four main categories and several subcategories: (1) physician factors (main category) with subcategories including attitudes and beliefs about opioid use, pain training and knowledge, awareness of adverse events, and opioid management practices; (2) patient factors (main category) with subcategories including pain etiology and comorbid conditions, and patient satisfaction; (3) practice environment (main category) with subcategories including regulatory scrutiny and clinical resources; and (4) physician demographics. No information was identified about physician professionalism. Other data abstracted included (1) author and year of publication; (2) study design; (3) survey type; (4) total number of study participants targeted for recruitment; (5) number of participants completing the study; (6) overall response rate; and (7) physician demographics including age, sex, years of practice, practice environment (ie, group, solo, hospital-based) and practice location (ie, rural, urban); (8) source of study funding.
Risk of bias assessment
The risk of bias in the included studies was assessed by two independent reviewers using an adapted version of the Newcastle-Ottawa Scale for cross-sectional studies. 19 The adapted version is comprised of 3 domains (eg, selection, comparability and outcome) and has been used in previous systematic reviews that involved crosssectional studies. [20] [21] [22] We did not calculate an overall score because this practice has been discouraged; rather, we made an overall judgement about the risk of bias focusing on the comparability domain. Reviewer discrepancy was resolved by consensus or by a third reviewer.
Evidence synthesis
Due to the heterogeneity in study characteristics, settings, and outcomes a meta-analysis was not feasible; thus, results are presented using a meta-narrative approach. A metanarrative review can be used when an area in inquiry has been researched using disparate methods by different groups of investigators. 23, 24 This approach is particularly useful when the definition of key terms or clinical factors vary between studies. Meta-narrative methods have been used to study various populations of patients with chronic pain. [25] [26] [27] [28] [29] Data were summarized using themes drawn from our conceptual framework and using descriptive statistics.
Results

Characteristics of included studies
A flow diagram of the study selection process is depicted in Figure 1 . A total of 22 studies met inclusion criteria ( Table 1) . The majority of studies were cross-sectional (n=20) where participants completed a survey at a single time point. Two studies used a repeated measures design; one study assessed participants pre-, post-and 6-months following a pain focused educational module 30 and one study assessed participants pre-and 2-years following an initiative to improve opioid prescribing safety. 31 The surveys were completed using email or internet-based software (n=10), 30, [32] [33] [34] [35] [36] [37] [38] [39] [40] postal system (n=7), [41] [42] [43] [44] [45] [46] [47] in-person completion of a paper version (n=2), 31, 48 and a combination of postal and email approaches (n=3). [49] [50] [51] Three studies pilot tested surveys in small groups of physicians prior to the response rate was not reported in 3 studies.
32-34
Study funding
The sources of funding were reported in 15 studies. Four studies received funding from the National Institutes of Health, 48, 49 or a combination of state and federal government agencies. 33, 37 Private foundations or universities provided funding for 5 studies. 30, 42, 45, 47, 51 A single study received funding from a state government agency and a private foundation. 50 Five studies received funding from industry; 4 of the 5 funding sources were from the pharmaceutical industry 32, 40, 41, 46 and the remaining study was funded by a health information company. 34 The funding source for 1 study was not reported but 2 co-authors were employed by a pharmaceutical company. 39 Table 2 contains the judgements made about each item of the Newcastle-Ottawa Scale for each study. The studies had major limitations in the comparability domain because of variations in study design and lack of study controls.
Risk of bias evaluation
Limitations were also noted in the selection domain due to variations in sample size and response rates. Similarly, limitations were noted in the outcome domain due to differences in methods used to perform the outcome assessment and variations in statistical analyses. Overall, the risk of bias was considered to be high across this body of evidence.
Prescriber characteristics
Demographics from Massachutes, 43 Michigan, 42 Minnesota, 31 Ohio, 45 Pennsylvania, 30, 38 Texas, 36 Utah, 37 Washington, 33, 50 West Virginia, 44 and Wisconsin. 47, 48 The majority of participants (range, 70% to 100%) were primary care physicians in 6 studies, [35] [36] [37] [38] 44, 48 and the participant samples were comprised of mixed specialties in 8 studies. 30, 32, 34, 39, [41] [42] [43] 49 The mean or median age of participants was reported in 5 studies 41, 42, 45, 48, 51 and ranged from 41 to 51 years. The age range was reported in 3 studies 32, 39, 44 in which the majority of participants were 35 to 60 years of age. Participant sex was reported in 11 studies 30, 32, 35, 36, 39, 41, 42, 44, 45, 48, 51 with the proportion of male participants ranging from 49% to 86%. Race was reported in 4 studies 35, 36, 42, 51 with the majority of physicians identified as "white" (range, 70% to 84%). The mean years of practice reported in 5 studies 30, 32, [43] [44] [45] ranged from 16 to 20 years and the majority of physicians in a single study had been in practice greater than 15 years. 39 In 4 studies, 36, 38, 41, 49 the majority of participants resided in urban areas (range, 52% to 91%) and, in 3 studies, 39, 41, 44 the majority of participants were in private or group practice.
Attitudes about pain and opioids
The majority of participants (73% to 88%) in 4 studies, 32, 35, 43, 50 which represented a mixture of primary care physicians and specialists, reported feeling confident, comfortable or competent prescribing opioids and managing pain. Several studies described physician satisfaction treating patients with chronic pain. Five studies that reported information related to the physician's beliefs about pain and opioids were published between 2011 and 2015 31, 35, 37, 38, 50 and 2 studies were published earlier in 2001 42 and 2005. 44 High levels of dissatisfaction treating chronic pain were reported in 2 studies where 81% were not satisfied prescribing opioids 35 and 85% were frustrated treating patients with chronic pain. 44 In a single study of university-based community physicians in Utah, satisfaction treating patients with chronic pain was assessed using a zero to 100 point visual analog scale where zero indicated no satisfaction and 100 indicated "much" satisfaction. 37 The median response of the 47 physicians was 16. 37 Alternatively, the majority of participants in a physician sample from Michigan were satisfied treating patients with chronic pain, 42 and 42% to 52% of physicians from Washington were moderately to extremely satisfied treating chronic pain. 50 
Pain training and knowledge
Information about training in pain management was reported in 12 studies 30, 31, 33, 37, 38, 40, 42, [44] [45] [46] [47] [48] but the level of detail about training varied. In 5 studies 30, 31, 37, 47, 48 published between 2006 and 2016, 32% to 72% of participants reported previous training in pain management.
More specifically, in a study that involved 47 physicians working in a university-based community clinic system, 39% reported previous training about opioids during medical school, 70% reported training during residency, and 72% reported receiving opioid-related continuing medical education (CME). 37 Despite previous training, 54% continued to report inadequate training about opioids and 85% reported the need for additional training in addiction. 37 Similarly, in another study, 51% reported previous pain management training but only 43% reported having "good" to "excellent" knowledge about pain management. 47 An earlier study published in 2001 42 reported that 10% of participants had received pain management training and younger age was associated with a greater likelihood of receiving previous training. In 3 studies that span 19 years, 40, 44, 46 the majority of participants reported that previous pain management training was inadequate.
Physician participation and support of CME for chronic pain varied. In a national study, 31 pain specialists had devoted an average of 76 hrs of CME to pain management in the past three years compared to an average of 10 hrs for primary care providers (PCPs). For PCPs, there was a significant correlation between the number of CME hours and the level of confidence in treating musculoskeletal and neuropathic pain, being in favor of mandatory pain education, and treating with NSAIDs and tramadol. 31 In a separate study, 37 72% of physicians in a Utah university-based community clinic system (70% were PCPs) reported participating in an average of 5.25 hrs of pain management CME activities over the past 2 years. In one study in Washington, 33 79% to 84% of participants agreed that internet-based CME about pain management would be helpful.
Awareness of adverse events
The majority of participants (54-87%) reported some level of concern about opioid misuse, addiction, overdose, or diversion. 32, 33, 35, 36, 43, 44, [47] [48] [49] 51 Opioid tolerance was identified as an impediment to long-term efficacy in 3 studies. 40, 46, 48 In a single study, 81-92% of participants reported that lost medications, request for early refills, persistent requests for opioids, and modifying opioid prescriptions were predictive of abuse. 37 Concerns about other adverse effects were described in 2 studies including 19-47% of participants reported use of UDS but in a single study published in 2016, 51 88% of a national sample "somewhat" or "strongly" support use of UDS.
Patient factors Pain etiology and co-existing conditions
Pain etiology and comorbid conditions influenced physicians' prescribing practices. In 2 studies, 44,47 over 90%
endorsed not prescribing to patients with a substance abuse history, and 60% to 81% reported reviewing the patient's history for a substance abuse disorder prior to prescribing opioids. 50 The majority of physicians were more likely to prescribe opioids to patients with cancerrelated pain compared to individuals with chronic nonmalignant pain. 48, 49 In one study, 62% of physicians did not prescribe opioids for fibromyalgia and 49% did not prescribe opioids for chronic headache. 49 
Patient satisfaction
Although 74% of physicians in a national survey reported that pain management was a priority, 62% were concerned about "disagreement" with patients about opioids. 35 In a study from a Veterans Affairs hospital, the majority of physicians reported concerns that lowering opioid doses would upset patients. 31 In a single study, other physician perceived barriers to chronic pain management included patient reluctance to make lifestyle changes (88%), financial burden for the patient (73%), and lack of patient transportation (57%). 45 Practice environment
Regulatory scrutiny
Varying levels of concern about regulatory scrutiny were reported to influence prescribing practices. For example, 53-68% of participants in 3 studies based on state level data from Ohio, 45 West Virginia, 44 
Clinical resources
In 2 studies, 78-85% of physicians reported that access to a pain specialist would be helpful. 32, 33 Lack of access to pain specialists was identified as a barrier to chronic pain management by 53-78% physicians in 3 studies. 35, 37, 45 The use of clinical guidelines and standardized approaches to manage opioids varied. In a 2013 study, 37 26% reported lack of agreement among physicians and clinic staff regarding prescription of opioids for chronic pain. However, 100% of physicians (n=48) working at a Veterans Affairs hospital agreed that it was important to have a consistent standard for prescribing opioids. 31 In 2 studies, 56-68% reported that opioid prescribing policies, guidelines, algorithms or an opioid tracking system were available in their clinical setting. 33, 48 The presence of a clinical system to track patients using opioids was associated with a 2.5 greater odds of performing UDS. 48 Managing chronic pain was considered time consuming by 89% of physicians in a single study from West Virginia, 44 and in a study from Texas, 65% reported that prescribing continuous release opioids lengthened clinic visits. 36 In one study, 21% of participants reported that time constraints and limited staff support was the greatest barrier affecting implementation of patient-provider agreements. 34 The main findings of this systematic review are summarized in Figure 2 which highlight physician views on chronic pain and opioids.
Discussion
This systematic review provides clinically relevant information and views of physicians who manage and prescribe opioids for chronic pain. Many physicians reported feeling at least somewhat confident or competent prescribing opioids and managing pain. In two studies, 25,40 over 80% of respondents reported feeling confident and competent, while a much smaller proportion (19-52%) reported satisfaction treating pain and prescribing opioids. Further research is needed to elucidate how this dissatisfaction affects provider practices (eg prescriptions, care plans, communication, referrals) and to develop interventions to improve provider satisfaction treating chronic pain. Inadequate training in pain management and opioids was also identified. For example, despite 51-70% of physicians reporting previous training in pain management and opioid prescribing, 54% reported that previous training was inadequate and only 43% reported having good to excellent knowledge about pain management. Other reports describing the associations between physician confidence and training in pain management and opioid prescribing have been mixed. These studies were not included in the systematic review because they included resident physicians and nonphysician clinicians. In a study where the Opioid Therapy Provider Survey was completed by a mixed group of 69 clinicians (physicians =56%) attending a pain and opioid focused CME course, clinician confidence in managing chronic pain was not associated with previous training in pain management or mandated opioid-related CME. 52 However, in a study that involved 572 primary care physicians and residents-in-training, the intensity of postresidency education about pain management was associated with greater levels of comfort managing chronic pain. 53 Our findings suggest that despite perceived confidence, physicians could benefit from ongoing education and training about pain management and opioid prescribing. While one study reported a need for further training in addiction, 27 most of the studies in this review did not ask participants about the type of training needed. Because some of the findings suggest good knowledge about adverse events of opioids, additional research is needed to understand the specific training physicians would find beneficial. One study found that the number of CME hours correlated with greater levels of confidence in treating chronic pain. 41 Given this finding, voluntary participation in CME activities may be one approach to delivering ongoing pain-related education. The intensity of CME activity may need to be tailored to successfully meet the diverse expectations of individual physicians. In addition to inherent prescriber characteristics, the results describe several patient and environmental factors Figure 2 Factors associated with prescribing opioids for chronic pain (reported by >50% of physicians).
that affect the physician. Patient diagnosis and patient satisfaction may play a role in physician decision to prescribe opioids. Physicians were more likely to prescribe opioids to patients with cancer than those with nonmalignant chronic pain. These provider views are in line with recent Centers for Disease Control and Prevention (CDC) guidelines that recommend opioids should be avoided for treatment of nonmalignant chronic pain when possible. 54 However, the two studies with these findings were published in 2006 and 2011, well before publication of the 2016 CDC guidelines. 38, 39 Further exploration is needed to understand how physicians perceive pain related to the patient's diagnosis and whether these perceptions affect care management. Physicians also reported that concern about regulatory scrutiny and limited resources influenced opioid prescribing practices. Regulatory scrutiny was found to negatively affect opioid prescribing. As regulatory oversight expands with the current opioid epidemic, it is important to understand the intended and unintended consequences on physician behavior.
This review found some factors which were directly reported to affect opioid prescribing but not to the extent anticipated in our original hypothesis. While we suspect that other physician-related factors affect opioid prescribing, more research is needed to specifically examine prescribing patterns of physicians by looking at actual prescription data. Although our conceptual framework was developed to better understand UPOU, the results of this review, which were centered around long-term opioid therapy, could be used to refine key components of the framework (Figure 2) . This review has limitations. The literature search strategy was limited to studies comprised of practicing physicians; thus, the study findings may not represent the opioid prescribing practices of resident physicians or nonphysician clinicians. The majority of physician participants were white men greater than 40 years of age who had been in clinical practice greater than 15 years and self-identified as residing in urban areas. Therefore, the findings may not be generalizable beyond the sociodemographic parameters of the study participants. The median response rate to the various surveys was 35% and 3 studies did not report a response rate. The methodological quality of all studies was low. As a result, the study findings may not be fully representative of the opioid prescribing practices of all physicians targeted for recruitment in the 22 studies identified in our literature search. The majority of surveys used in the identified studies were not validated which could jeopardize the accuracy and reproducibility of individual study results. Similarly, the characteristics of physician prescribing practices were assessed and described using a variety of methods, which limited the ability to consistently compare outcomes across studies. Finally, although heroin and illicitly manufactured fentanyl are important public health problems, 4 investigating the potential relationships between prescriber characteristics and individual use of illicitly acquired opioids are beyond the scope of this review. In summary, this systematic review leveraged a conceptual framework to investigate the characteristics of physicians who prescribe long-term opioid therapy for chronic pain. The longterm goal of this area of research is to develop, test, and deploy interventions to mitigate the risks of long-term opioid use. The summary data from this systematic review provides the foundation for the development of prospective studies aimed at further elucidating the constellation of mechanisms that influence physicians who manage pain and prescribe opioids. It is anticipated that the outcomes of future studies will reveal the need for a range of time-dependent interventions to effectively attenuate the various clinician factors that contribute to longterm opioid use.
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